INTRODUCTION {#sec1-1}
============

In many tropical countries, a few indigenous plants are utilized traditionally as remedies by various rural and tribal communities in the treatment of disease or injury. *Tridax procumbens* is one of the most common plants used by rural and tribal communities to cure various health ailments.\[[@ref1][@ref2][@ref3]\]

*Tridax procumbens* is a well-known traditional medicinal plant.\[[@ref4][@ref5]\] Traditionally, the juice from leaves of *T. Procumbens* has been used for healing dermal wounds or injury due to its prohealing properties.\[[@ref3]\] The results published by Yaduvanshi *et al*.,\[[@ref6]\] show that *T. Procumbens* leaf juice possesses dose-dependent prohealing property.

The research findings on experimentally induced dermatophytic lesion in mice reported by Sharma *et al*.,\[[@ref7]\] indicate that *T. Procumbens* plant extract is an excellent topical antifungal agent for the cure of dermatophytosis. This plant also known to have antibacterial properties.\[[@ref5][@ref8]\]

Bacteria that live inside plants are called as endophytes (bacterial). Some reports suggest that endophytic bacteria can produce antifungal\[[@ref9][@ref10]\] and antibacterial\[[@ref11]\] compounds. Due to their ability to produce antibiotics, bacterial endophytes (BEs) are also considered as one of the potential sources of novel antibiotics. The plants that have antimicrobial properties are the potential sources of novel antibiotics producing BEs. *Tridax procumbens* is known for its antimicrobial properties; hence, it can be a source of novel antibiotics producing BEs. The aim of this brief study was to investigate types of fast growing and cultivable BEs associated with *T. Procumbens*. The isolated and identified fast growing and cultivable BEs are reported in this paper.

MATERIALS AND METHODS {#sec1-2}
=====================

No specific permissions were required to collect the plant material samples. The *T. Procumbens* plant species used in this study for the isolation of fast growing BEs is not an endangered or a protected species in Malaysia.

Surface-sterilization of plant tissues {#sec2-1}
--------------------------------------

The stem and leaf samples were collected from 35 individual healthy-looking *T. Procumbens* plants from their natural habitat at Taman Tasek Indah (Semeling, Kedah, Malaysia) and AIMST University campus, Kedah, Malaysia. Collected stem and leaf samples were washed under plenty of running tap water. To avoid contamination, surface-sterilization of leaves and stem pieces samples was carried out carefully as described elsewhere.\[[@ref12][@ref13]\] In brief, plant material samples were cleaned with detergent (5% Teepol) and washed with distilled water. Samples were taken into laminar hood and immersed in 70% ethanol for 30 s. The samples were treated with sodium hypochlorite (5%) solution for 3 min; finally, samples were dipped in absolute alcohol for about 10 s before washing with (at least 3 times) autoclaved distilled water.

Inoculation and incubation of tissues {#sec2-2}
-------------------------------------

About sixty (60) leaf-discs (\~1 cm^2^) and pieces of stem tissue from 35 plant material samples were inoculated aseptically in the petri plates containing Luria-Bertani (LB) agar. Water from the last round of samples washing was tested for bacterial presence to verify effectiveness of surface-sterilization process. The petri plates (with inoculated tissue samples) were incubated for 18-20 h at 37°C (±3°C) in the dark.

Isolation and identification of BEs {#sec2-3}
-----------------------------------

The isolation and cultivation of endophytic bacterial isolates (EBIs), amplification of 16S rRNA coding gene fragments, and identification of isolates was carried out as described elsewhere.\[[@ref12]\] In brief, well-grown colonies of cultivable BEs that are visible on (leaf and stem tissue margins) the LB medium at standard conditions were chosen randomly for further analysis. Pure culture of each isolate was cultivated separately in universal bottles containing 10 mL LB medium. Each isolate-cultivation was carried out under standard conditions: 37°C, 160 rpm for 18 h. Glycerol stocks were prepared and kept at -80°C to preserve the endophytic isolates for future research.

The lysate of bacterial cells was used in polymerase chain reaction (PCR) to amplify 16S rDNA. The 16S rDNA PCR was carried out in a total volume of 50 μL containing PCR buffer, 2.5 mM MgCl~2~, 0.16 mM dNTPs, 0.75 U *Taq* DNA polymerase, and 0.2 pmoL forward \[Bak11W-F; 5'-AGT TTG ATC MTG GCT CAG-3'\] and reverse \[Bak-R; 5'-GGA CTA CHA GGG TAT CTA AT-3'\] primer. The PCR conditions were as follows: Initial hot start at 95°C for 3 min, 30 amplification cycles of 95°C for 30 sec (denaturation), 52°C for 30 sec (annealing), and 72°C for 30 sec (extension), and finally one cycle of 72°C for 5 min.\[[@ref12]\]

The amplified PCR products were purified and both strands of amplified 16S rDNA were sequenced. Finally, the isolates were identified based on hits analysis from megablast (highly similar sequences) output.

RESULTS {#sec1-3}
=======

The incubation of inoculated leaf and stem tissue samples on the LB agar enabled culturable BEs to grow. By the end of the incubation, the colonies of BEs were visible on the margins of the inoculated leaf discs and stem tissues. Altogether, 50 (34 from leaves tissue and 16 from stem tissue) EBIs were analyzed.

Each EBI was identified based on its 16S rRNA coding gene nucleotide sequence BLAST (megablast) hits analysis. Annotated, 16S rRNA coding gene fragments nucleotide sequences of all 50 EBIs have been deposited in the GenBank/DDBJ/EMBL DNA database under accession numbers: JN835472 - JN835521.

The scrutiny of the identified 50 isolates revealed that there were 24 different types of bacterial species namely, *Bacillus amyloliquefaciens*, *B. cereus*, *B. marisflavi*, *B. methylotrophicus*, *B. mycoides*, *B. pumilus*, *B. safensis*, *B. subtilis*, *Cronobacter sakazakii*, *Enterobacter cloacae*, *E. cowanii*, *E. hormaechei*, *E. pulveris*, *Lysinibacillus sphaericus*, *Pantoea agglomerans*, *P. ananatis*, *P. dispersa*, *P. stewartii*, *Pseudomonas argentinensis*, *P. flavescens*, *P. fulva*, *P. oleovorans*, *P. oryzihabitans*, and *Terribacillus saccharophilus*. Thirty-two (32)% of the isolates represented *Bacillus* genus. The accession numbers of deposited 16S rRNA coding gene fragments and codes of 50 EBIs are depicted in [Table 1](#T1){ref-type="table"}.

###### 

Isolated and identified fifty (50) EBIs associated with *T. procumbens* Linn.
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DISCUSSION {#sec1-4}
==========

*Tridax procumbens* is a well-known traditional medicinal plant used in the treatment of wounds and injuries.\[[@ref3]\] In order to explore the potential applications of BEs from this pant, it was necessary to understand its associated BEs. We identified 50 fast growing cultivable EBIs that were associated with leaf and stem tissues of *T. Procumbens*. However, the EBIs have been reported from various other traditional medicinal plants; for instance, *Gynura procumbens*,\[[@ref12]\] *Piper nigrum* L.,\[[@ref14]\] *Trifolium repens*,\[[@ref15]\] and *Artemisia annua*.\[[@ref16]\] But, to our knowledge, this study is the first to show diverse types of BEs in *T. Procumbens*.

The 16S rRNA gene nucleotide sequences do provide bacterium species-specific signature and hence, 16S rRNA gene sequence-based bacterial identification is considered as a precise method of bacterial identification.\[[@ref17]\] Thus, we used this method for the rapid and accurate identification of EBIs.

It is strongly believed that nearly all terrestrial and aquatic plants do harbor BEs.\[[@ref18]\] These BEs can produce valuable metabolites which can be utilized in modern pharmaceutical industry. Mehanni and Safwat\[[@ref19]\] suggested that BEs isolated from medicinal plants can produce the same metabolites as their hosts. Therefore, BEs do have a great potential as a source of therapeutic agents including antifungal and antibacterial compounds. *T. Procumbens* is known to have antimicrobial properties; but recently, Appiah-Opong *et al*.\[[@ref20]\] have reported that this plant do have activity against drug-resistant pathogens. This further elevates the importance of *T. Procumbens* as a pharmacologically important candidate. The ability of isolated fast growing cultivable BEs of *T. Procumbens* to produce novel antibiotics needs to be studied. Novel antibiotics can be useful in dealing with drug resistant pathogens, for instance chloroquine-resistant *P. falciparum*.\[[@ref13]\]

*Bacillus spp*., *Pseudomonas spp*., and *Azospirillum spp*. are abundantly found in soil and commonly associated with plants as endophytes. However, in this study, we did not find any *Azospirillum spp*. in isolated 50 cultivable EBIs. It can be argued that the culture medium used for isolating cultivable BEs might be influencing the type of BEs that can be isolated from the plant tissues. In addition, the leaf and stem tissues were incubated only for 18-20 h, this limited incubation period might have allowed only fast growing cultivable BEs to grow. Some reports have suggested that a seasonal fluctuation of the endophytes does occur in plants;\[[@ref21][@ref22]\] therefore, we strongly believe that some other types of cultivable BEs are likely to inhabit *T. Procumbens*.

Hardoim *et al*.,\[[@ref23]\] have reported that soil type is a major factor that determines the diversity of BEs in plants. In addition, most of the plants are also known to harbor endophytic fungi; therefore, *T. Procumbens* plants are likely to have some unique endophytic fungi.\[[@ref12][@ref24]\]

The novel antibiotics producing ability of the cultivable BEs isolated from other plants has been reported.\[[@ref9][@ref10][@ref11][@ref25][@ref26][@ref27][@ref28]\] The extracts from *T. Procumbens* are known to have antimicrobial activity; but, its activity against chloroquine-resistant *P. falciparum* (Dd2) is also reported.\[[@ref13]\]

Based on the results, we conclude that *T. Procumbens* does contain diverse (24) types of culturable BEs and requires further study. Our research findings could serve as a foundation for further research on *T. Procumbens* in determining potential roles of its BEs in producing novel therapeutic compounds.
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